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Previewsmolecules, which could accentuate the
overall interaction; (ii) direct contact
between the Arg and a neighboring
DDR-2 patch of negative charge could
represent a transient second step in the
interaction, which affects the angle of
the DDR domains initiating conforma-
tional change and signaling; or (iii) direct
contact between the Arg and this nega-
tive patch could be achieved by bending
of the collagen peptide. This latter mech-
anism is observed to be critical to the
interaction of the integrin collagen
complex. Other collagen peptide struc-
tures determined in isolation (Emsley
et al., 2004; Kramer et al., 1999) with
a central imino-poor region flanked by
GPO repeats all show junctional kinking
between the central and flanking regions;
however, this is not seen in either the
DDR-2 or SPARC complex structures.2 Structure 18, January 13, 2010 ª2010 ElseFinally, the crystal structure of the A3
domain from the plasma protein von
Willebrand factor, which also specifically
recognizes the GVMGFO motif, has
been determined in isolation and does
not show any surface features that would
duplicate the convergent binding mode of
DDR-2 and SPARC binding (Bienkowska
et al., 1997). Not until the A3 domain
collagen peptide complex structure is
determined can a true comparison be
made to DDR and SPARC and further
perspective gained into how globular
proteins recognize the fibrous collagen
triple helix.REFERENCES
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Transmission electronmicroscopy of thin sections is the primarymeans for visualizing structures within cells.
In this issue of Structure, Peng et al. extend this approach by using electron tomography to examine the life
cycle of a herpesvirus and provide fresh insights into the processes of DNA packaging and release.Transmission electron microscopy (TEM)
of sectioned, embedded material remains
the most widely used high-resolution
method for visualizing structures within
cells and is themethodof choice for exam-
ining virus-infected cells. The basic tech-
nique has been essentially unchanged
since its inception and despite its proven
value, is less than ideal for biological
analysis, as it gives only restricted views
of single time points of heavily fixed
and processed samples. Consequently,
the resulting pictures need to be inter-
preted imaginatively but cautiously. In
many respects, TEM has lagged behind
the advances in other visualization tech-
niques, such as confocal fluorescent light
microscopy,which can nowprovidemulti-colored, real-time images of living cells
in 3D. The difficulty in placing observed
structures in their correct spatial context
is one of the major limitations of TEM.
Conventional TEM produces images that
are two-dimensional projections of the
specimen being observed, in which all
features along the illumination axis are
superimposed to form the final image.
This is a particular problem in thick sam-
ples; to minimize this effect, TEM is typi-
cally carried out on very thin sections.
However, the improved clarity is achieved
at the expense of the information on the
overall architecture and spatial related-
ness of structures in the specimen. Elec-
tron tomography (ET), where different
angular views are combined to producea 3D map of a subject, has long been
recognized as offering a way around this
problem by allowing detailed reconstruc-
tion of relatively thick sections. Increasing
access to modern microscopes with high
tilt capability and digital imaging systems
means that this approach is now being
applied to an ever-expanding variety of
questions. In their paper in this issue of
Structure, Peng et al. (2010) have used
ET to examine herpesvirus-infected cells,
and their images reveal previously unseen
aspects of the virus life cycle.
Herpesviruses provide good models
for an ET study because they form large
distinctive viral particles and their infec-
tious cycles have been well-characterized
using conventional TEM (Mettenleiter
Figure 1. DNA Leaving and Entering the Herpesvirus Capsid
(A) The incoming herpesvirus capsid is transported across the cytoplasm (CYT) to the nuclear membrane
(NM) where it binds to the cytoplasmic filaments (F) extending from a nuclear pore (NP). The viral DNA
(black) is released through the channel provided by the portal complex (P) and is translocated into the
nucleus (NUC).
(B) Newly assembled herpesvirus capsids contain an internal scaffold (S) that must be removed to make
way for the packaged genome. In one possible model, the entry of the DNA (black) through the portal (P)
disrupts the interactions between individual scaffolding proteins (orange ellipses), allowing them to leave
through the channels at the other vertices.
The arrows show the direction of DNA movement.
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Previewset al., 2009). The study by Peng et al.
(2010) examines all stages of the virus
life cycle, and provides informative in-
sights into several aspects of the infec-
tious process. Perhaps their most notable
observations concern the processes of
DNA packaging and release. One of their
most striking images is of DNA leaving
the capsid and passing into the nucleus
through a nuclear pore. This process
(Figure 1A) has been assumed to occur
(Batterson et al., 1983) but this image
appears to be the first time the DNA has
been visualized directly and is a clear
example of the advantage of using ET
in comparison to conventional TEM.
Although it feels counterintuitive, an ET
of relatively thick sections produces
better discrimination of detail than
a TEM of thinner sections, since the 3D
model produced can be digitally sliced
to any desired thickness. In this case,
1 nm digital slices were used, and the
ability to track DNA molecules by exam-
ining successive views allows them to be
traced throughout the volume of the 3D
density. This is clearly illustrated by the
animation provided in the supplemental
information for this study, and in the
example shown, the virus genome can
be traced from inside the capsid throughthe nuclear pore to which the capsid is
bound. Interestingly, the capsid docks
40 nm from the surface of the pore,
requiring the seemingly naked DNA
to traverse the intervening space. The
observed binding of pore filaments to
capsid vertices suggests a receptor-
recognition type of interaction, but how
release of the DNA is initiated and what
drives its translocation will require further
analysis.
The behavior of the virus DNA during
packaging has also been examined,
although the findings in this case are
less definitive. The internal scaffold is
a transient structure that is required
during assembly of the capsid shell but
is lost at some stage during the process
of DNA packaging. One unresolved ques-
tion is whether removal of the scaffold
precedes or is concurrent with entry of
the DNA. The images recorded by Peng
et al. (2010) seem to support both possi-
bilities, with DNA visualized in the process
of entering both empty and scaffold-con-
taining capsids. Several images appear
to show DNA wound around a distorted
scaffold. Interestingly, low pH has been
shown to destabilize a herpesvirus scaf-
fold structure (McClelland et al., 2002),
and these pictures, which demonstrateStructure 18, January 13, 20direct contact with the DNA, may illustrate
the means by which scaffold disruption
is achieved within individual particles
(Figure 1B).
Despite the new insights provided by
these images, it is important to consider
the limitations of this approach. A major
concern is the need for harsh methods
of specimen preparation inherent in most
TEM studies. The samples used here
have been chemically fixed, dehydrated,
embedded in resin, and stained with
heavy metals before being viewed. The
potential for producing artifacts under
these conditions is well known and is
acknowledged by the authors. These con-
cerns might have been somewhat miti-
gated if they had used high-pressure vitri-
fication and freeze substitution, but the
underlying problemwould have remained.
Indeed, some of the images shown here
are reminiscent of the now discredited
toroidal model, which proposed that the
packaged viral genome was wound
around a central protein core. This was
later shown to be caused by the prepara-
tion methods used, and the true nature of
the packaged genome was eventually
revealed by examining virus particles in
their native state as vitrified specimens
(Booy et al., 1991; Zhou et al., 1999). The
ability to carry out ET studies on vitrified
eukaryotic cells would remove concerns
regarding preparation artifacts and is
being vigorously pursued by a number of
research groups. Unfortunately, although
pioneering studies have shown the poten-
tial of this approach (Maurer et al., 2008;
Leis et al., 2009), its general use will
remain limited until the technical chal-
lenges of sectioning vitrified material
lessen, and the methods become more
tractable. While awaiting such develop-
ments, or until X-ray microscopy is further
advanced, the tomographic analysis of
resin sections is likely to grow in impor-
tance as ageneralmethod for high-resolu-
tion 3D analysis. Peng et al. (2010) are to
be congratulated for again demonstrating
its potential in this interesting study.REFERENCES
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In this issue ofStructure, Golosov et al. presentmolecular dynamics simulations that illuminate the process of
DNA translocation by an A-family DNA polymerase. Several distinct phases are identified that have not been
visualized through crystallographic studies.Watson and Crick (1953), in their seminal
paper describing the molecular structure
of DNA, comment that ‘‘it has not escaped
our notice that the specific pairing we
have postulated immediately suggests
a possible copying mechanism for the
genetic material.’’ After more than fifty
years of research, the DNA polymerases
responsible for copying the genetic mate-
rial are some of the most well character-
ized enzymes in all of biology. Although
the polymerases are divided into several
different families, they all share a common
two metal-ion catalytic mechanism, and
most of them are described as having
fingers, palm, and thumb domains: the
palm contains metal-binding catalytic
residues, the thumbcontactsDNAduplex,
and the fingers form one side of the
pocket surrounding the nascent base
pair.
A wide range of crystallographic and
kinetic studies has demonstrated that
processiveDNAsynthesis involvesaseries
of conformational changes that couples
nucleotide incorporation to DNA trans-
location (Figure 1A). The most obvious
structural change during DNA synthesis is
a large domain rotation that opens and
closes the fingers ineachcycle. Theclosed
fingers conformation is stabilized whenthe incoming nucleotide (dNTP) binds
to the polymerase-DNA binary complex
(PoldDNAn) to form a pre-insertion ter-
nary complex (PoldDNAnddNTP) (Doublie
et al., 1998; Kiefer et al., 1998; Li et al.,
1998).
In the Family-A polymerases, DNA
translocation occurs after nucleotide
addition and is coupled to the release of
pyrophosphate (PPi) and the opening of
the fingers domain (Johnson et al., 2003;
Yin and Steitz, 2004). A highly coordi-
nated translocation process is thought to
be important for preventing frameshift
mutations (Johnson et al., 2003), yet inter-
mediate steps in the translocation path-
way are not likely to be captured through
X-ray crystallographic methods, since
they are presumably metastable. This
aspect is precisely what is characterized
in the study presented by Golosov et al.
(2010).
The Karplus and Beese groups applied
equilibrium and restricted perturbation-
targeted molecular dynamics (RP-TMD)
simulations to create further structural
insight into the steps that take place
during the complex set of events in
the polymerization cycle (Figure 1A) by
the Family A (polymerase I) enzymes. The
large fragment of DNA polymerase I fromBacillus stearothermophilus (BF) is one
of the best model enzymes to study proc-
essive DNA synthesis, because of the
existing crystal forms that allow multiple
rounds of dNTP incorporation to occur
within the lattice (Johnson et al., 2003).
Both the equilibrium and targeted MD
simulations use as cornerstones two
high-resolution structures of closed ter-
nary (Figure 1B) and open binary (Fig-
ure 1C) complexes of BF, which provide
a matched pair of structures for the
simulations. The actual starting point for
the calculations is a model of the ternary
product complex (PoldDNAn+1dPPi), a
structure that has not been determined
for any of the Family-A DNA polymerases,
but is available for the homologous T7
RNA polymerase (Yin and Steitz, 2004).
The RP-TMD calculations simulate
transition pathways between the two
crystallographically defined binary and
ternary complexes by introduction of an
additional energy term that steers the
system along a trajectory from the pre-
translocation to the post-translocation
state. The intermediate structures result-
ing from the RP-TMD trajectories were
parametrized and analyzed by following
three key events that occur during
the transition: (i) rotation of the O-helix;
